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Abstract 
Studies of new projects in engineering production indicate that the current times call for new approaches used at all stages of its 
development and implementation. Rapid progress requires even faster and more efficient use of new knowledge, resources that are 
available. Research and development is progressing in all areas, increasing the entitlement to new solutions. One area of progress is in the 
production systems and increase productivity of this system by using virtual reality.  
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1. Introduction 
Disassembly process can be characterized as a summary of dismantling operations of parts from the higher units, 
technically, as simple and cost-effectively as possible. The dismantling process is re-acquisition components, precious 
materials, etc., while considering the fact that parts may be worn, corroded or otherwise damaged, and the terms of product 
recycling unusable. Modelling of dismantling procedures is based on product design documentation, the existing machinery 
and tooling, established standards and norms for each time dismantling operations.  
Based on the structural/dismantling BOM/Build of material is prepared a preliminary sequence for dismantling 
operations (one for each configuration and for each sub-assembly part). Studies aimed at projecting of dismantling  process 
shows that compared to the assembly process is a relatively new issue, which only in recent years began in the scientific 
literature more attention. 
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2. Principles of modularity in projecting of dismantling process 
The principle of modularity in projecting of dismantling process follows from the specification aspects and criteria, 
which must be taken into account in the new system. In projecting of the functional modules of dismantling workstations 
and systems should be applied the following principles, built on the principles of design of assembly workstations [1]: 
• uniformity of technological and engineering principles and characteristics of functional modules for implementing the 
same kind of handling operations, 
• implementation of functional modules in a row type dimensional, 
• maximum independence of functional modules of the type of power and motion control method, 
• mutual compatibility and interconnection of functional modules with the possibility of flexible configuration 
modifications or dismantling workstations resp. systems 
• high internal unification of functional elements of the module. 
The advantages of using modular design principle in the dismantling process can be seen in the following aspects [1, 2]: 
• the creation of purpose-oriented dismantling facilities with optimal technical and economic parameters, given the specific 
conditions of application, 
• acquisition of new configurations of dismantling workstations and systems through integration of appropriate units and 
modules, 
• simpler and more flexible transition to the new handling and dismantling tasks, 
• greater economic efficiency, 
• use developed and validated modules of assembly systems to reduce the requirements for development and design work, 
• increasing reliability, provided that the modules are sufficiently reliably verified, 
• reducing the cost of production, maintenance and service by reducing the overall nomenclature of elements. 
Proposal for process, methods, techniques and visualization tools for the realization of dismantling: 
•  processing knowledge base 
1. technique design, construction and use in relation to objects, 
2. solution of methodology, productivity and quality of proposal with support CAD programs, 
3. integration of the methods of proposal in the innovation cycle, 
•  experimental solution 
4. establishment of a laboratory for design and simulation, 
5. testing options, parameters and procedures, 
6. selection - the specification of objects of investigation (selected movements), 
7. experiments aimed at addressing the challenges to improving productivity, 
8. evaluation of experiments and simulation, 
•  develop applications 
9. developing methodology and procedure followed by modification and adaptation to specific requirements.
The automated (or semi-automated) disassembly will be in the near future due to rapidly increasing number of world 
electrical waste the necessity. Problematic in relation to the automation disassembly are the high investment costs that 
reduce the economic effects. it is necessary to consider the wider context,  i.e. about  future impacts (mainly environmental) 
and much higher costs that would arise in case of failure to address the issue and have been associated with the elimination 
of its consequences (eg, landfill disposal costs, pollution). 
The degree of automation depends on the type and quantity of processed products, as well as the disassembly goal 
(recycling plants - automated service workshop - manual labor). 
Prerequisites for automation are developed and supported by the European Commission in its efforts to standardize 
(Directive on Waste Electrical and Electronic Equipment, WEEE) already in the construction design of the product (as is 
appropriate for example if the parts are assembled in the same direction, the use of demountable joints, minimum of  
material type, etc.). 
Optimal disassembly procedure is that, than ensures the product decomposition (or obtaining the required components) at 
the lowest possible cost, as quickly as possible, with the smallest possible amount of work, with as few actions and use, as 
few tools and gadgets. (Fig.2). 
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Fig. 1 Optimal strategy at the end of product lifecycle 
Basic criteria for selection of the optimal disassembly process: 
• productivity - the amount of diverted products per unit of time, labor intensive, 
• the amount of processed products, 
• number of operations, 
• organization of work - depending on the type and quantity of products, 
• degree of automation - depending on the type and quantity of products, 
• equipment of  workplaces high-tech , 
• equipment of work tools, materials, plant, 
• ergonomics, 
• energy consumption, 
• economic criteria - effectiveness of recycling (energy and material use), the efficiency of repair (new price versus cost of 
replacement parts and labor costs associated with repairs and service). 
 In search of the optimal product disassembly is required to meet defined specifications. 
Fig. 2 Optimal disassembly cost  
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2.1. Virtual laboratory for projecting dismantling systems obsolete products on the Department of Industrial Engineering 
and Management 
Virtual reality can be used in the engineering industry for design innovation of production system, as well as dismantling 
systems. Virtual reality is one of the tools for proposal, simulation and optimization of production and logistics, the business 
system, displays all the ongoing production and non-production processes in a virtual environment. Is a tool for improving 
quality and productivity. The application is therefore in the disassembly, where it can be used in the design of dismantling 
workstations as well as in itself planning process dismantling of particular product and the simulation of disassembly.  
Project of virtual laboratory aims to develop teaching modules for field preparation dismantling obsolete products, 
processes, dismantling, dismantling workstations  and the operation type of Computer Based Training. The module is a 
physical extension of the laboratory for montage for reverse cycle disassembly processes for obsolete products. Applications 
of teaching through the using this module is expected in university education at all levels of courses like in Industrial 
engineering, Automation and control, Manufacturing technology, in lifelong learning and retraining courses for industry.  
Virtual laboratory provides digital design, respectively virtual manufacturing systems and plant, their simulation 
verification, control and management, through teamwork of specialists. 
Material outcomes of the laboratory is an integrated project management and workplace equipped with high technology 
and software tools to support the team and project management activities. 
Intangible outcomes are contained in a knowledge-and information-based solution for project management tasks and 
teaching preparation and training specialists. 
Fig. 3 Simulation techniques of manual disassembly KPIaE SjF TUKE 
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3. Conclusion 
Modernization and improvement dismantling processes and operations require a constant supply of innovative methods 
and techniques. Examples and procedures in everyday practice indicate the weakness and open up the possibility of 
application of innovation theory, methods and tools for introduction a new knowledge. New technologies bring increased 
efficiency and eliminate the possibility of errors in diagnosis and dismantling process. Therefore, just a scientific approach 
to solving problems of dismantling means a transfer of innovation in this field and allows to detect, investigate and apply 
new tools and techniques to achieve an optimal result. 
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